Background. Many studies that have reported decreases in human immunodeficiency virus (HIV)-related mortality since the advent of highly active antiretroviral therapy (HAART) have also reported steady increases in non-HIV-related mortality over the same time periods. We examined temporal trends and risk factors for accidentand injury-related mortality among HIV-infected and -uninfected participants in the Women's Interagency HIV Study (WIHS) and the Multicenter AIDS Cohort Study (MACS).
creased since 1996 in all populations, in large part because of the use of HAART [6, 7] . Several researchers have looked at mortality in distinct time periods, primarily before and after the advent of HAART, and have found significant decreases in HIV-related mortality [2, 6, [8] [9] [10] [11] . Many studies reporting decreases in HIVrelated mortality since the advent of HAART have also reported steady increases in non-HIV-related mortality over the same time periods [2, [12] [13] [14] [15] .
The successful decrease in the number of AIDS-related deaths in persons with HIV infection, largely as a result of HAART use, allows us to turn our attention to other preventable causes of mortality. Because of the increasing proportion of accident-or injury-related deaths in this population, identification of risk factors for these deaths is necessary to target intervention efforts. Few studies have sufficient sample size, appropriate comparison groups, or the sufficient number of years of follow-up to adequately answer these questions. In this investigation we analyzed data from the largest longitudinal studies of men and women with HIV infection in the United States, the Multicenter AIDS Cohort Study (MACS) and the Women's Interagency HIV Study (WIHS).
Our objective was to examine accidental and injury causes of death among female WIHS participants and male MACS participants. We investigated 4 research questions: (1) What were the risk factors for accident-or injury-related death and did they change over time, concurrent with HAART availability? (2) Did HIV infection or immune status affect the risk? (3) Did the risk or causes of mortality differ between men and women? (4) What role did risk factors, such as depression and injection drug use, play in accident-or injury-related mortality?
METHODS

Study population.
A representative sample of women with HIV infection and women at risk for acquiring HIV infection were enrolled in the WIHS during the period 1 October 1994 through 15 November 1995. To accrue a representative sample of women living with HIV and AIDS, the eligibility criteria for enrollment into the WIHS did not exclude women who had previously received a diagnosis of clinical AIDS or women with CD4 + T cell counts !200 cells/mm 3 or CD4 + T cell percentages 14%. Women were considered to be at risk for HIV infection if they had a history of injection drug use, receipt of blood or blood products during 1975-1985, multiple sex partners in the prior 6 months, or sex with someone known to be HIV infected. The institutional review boards of participating institutions approved the study protocol, and written informed consent was obtained from all women. Details of the study design, data collection methods, and baseline characteristics have been reported previously [16] .
A total of 2625 women (2056 HIV-infected women and 569 HIV-uninfected women) were enrolled in the WIHS at 6 locations in the United States: New York City (2 sites); the Washington, D.C. metropolitan area; Chicago, Illinois; southern California; and northern California. Every 6 months, WIHS participants were interviewed using a structured questionnaire and received a comprehensive physical and gynecological examination, including Papanicolau testing and cervical colposcopy.
Men who reported having had sex with men were recruited into the MACS from 4 metropolitan areas in the United States: Baltimore, Maryland; Chicago, Illinois; Pittsburgh, Pennsylvania; and Los Angeles, California. A total of 5622 men were recruited in 2 fixed cohorts: 4954 men (1813 HIV-infected men and 3141 HIV-uninfected men) [17] . Participants in the MACS returned at 6-month intervals for a detailed interview, physical examination, quality of life assessment, and collection of blood for laboratory testing and storage. The individual review boards of each institution involved approved the study; all MACS participants provided written informed consent.
The WIHS and the MACS are both ongoing, longitudinal studies. For this investigation, women in the WIHS and men in the MACS were observed from study entry to death, last time seen, or 31 December 2002, whichever occurred first. All cohort study participants recruited prior to 1997 in the WIHS and MACS cohorts were included in these analyses.
Identification of deaths. Researchers for the WIHS and the MACS perform periodic death registry searches to obtain death information on all participants, including those lost to followup. Date and cause of death, obtained either electronically from the National Death Index (NDI) Plus or through hard copies of death certificates, were used in the analyses. Deaths due to accident, injury, suicide, and homicide were identified by flagging all causes of death listed on the death certificates for the presence of International Statistical Classification of Diseases and Related Health Problems (ICD)-9 codes in the 800s and 900s, and ICD-10 codes starting with T, W, or X. Two physicians reviewed all causes of death and other significant conditions to determine whether the death was due to injury, accident, suicide, or homicide. Deaths due to accidents during medical procedures were not included in this subgroup of accidental deaths.
Dependent and independent variables. Our outcome variables were all-cause mortality and deaths due to accident (including drug overdose) or injury (including suicide and homicide). The independent variables included the following time-varying covariates were HIV status, age, calendar time, education, employment status, income, CD4 + T cell count, depressive symptoms in the past week (Center for Epidemiological Studies Depression scale score 116), number of sex partners in the prior 6 months, and cigarette, alcohol, and drug use. For the women in the WIHS, we also considered trading sex, unstable housing, and domestic abuse as time-varying covariates. Ethnicity was included as a fixed covariate.
To account for temporal changes in risk factors from enrollment to death or censoring, the observed data for each participant was split into separate records by age (number of years), allowing risk factors to be modeled as time-varying covariates. The values of risk factors obtained from the closest visit before a birthday were used. Values for risk factors were carried forward for up to 12 months following the date of the previous interview, under the assumption that risk factors were not likely to change during this period of time.
Analytic methods. Participants contributed observation time from date of enrollment through date of death or date of the last interview through December 2002. Individuals who were lost to follow-up and were not known to be deceased prior to 31 December 2002 contributed data up to 12 months following their last interview; time beyond this was excluded from analysis because information on time-varying risk factors would become unreliable. Persons who underwent HIV seroconversion contributed time at risk to the seronegative cohort up to the estimated date of seroconversion, and to the seropositive cohort after that date. Annual death rates were calculated as the number of deaths divided by the time contributed by participants in that year (person-years).
Because there were only modest numbers of deaths due to accident or injury, exponential regression was used to calculate the relative hazard of accident-or injury-related death and associated 95% CIs for each risk factor. Separate regression analyses were performed on the MACS and WIHS cohorts, because the important risk factors appeared to differ. Similarly, separate analyses were performed within each cohort according to HIV status. The data were analyzed using unadjusted and adjusted regression models. Choice of the final multivariate models were made on the basis of model fit and log likelihood, as well as independence of the risk factors. When the final models were selected (1 model for each cohort), all other risk factors were added 1 at a time to determine the adjusted hazard ratio (HR), 95% CI, and P values for that particular variable. P values !.05 were used to determine statistical significance. All analyses were performed using SAS software, version 8.2 (SAS Institute) [18] .
RESULTS
The distribution of study participant characteristics, stratified by cohort, is shown in table 1. The MACS enrolled more HIVuninfected participants, recruited earlier, and had a different demographic (characterized by ethnicity, education, employment, and income) and behavioral (characterized by depressive symptoms and substance use) profile than the cohort in the WIHS.
Through December 2002, there were 619 reported deaths in the WIHS for which causes of death were available. Forty-six deaths (7.4%) were identified as being due to accident or injury, and 67% of these (31 deaths) were due to poisoning or drug overdose (table 2). In the MACS, there were 1830 reported deaths; 51 (2.8%) were due to accidental injury, suicide, or homicide, and 25% of these (13 deaths) were due to poisoning or drug overdose. The death rates were higher for accident or injury mortality in the WIHS (2.96 per 1000 person-years for the HIVinfected group and 2.96 per 1000 person-years for the HIVuninfected group) compared with rates among the MACS participants (0.79 per 1000 person-years for the HIV-infected group and 0.63 per 1000 person-years for the HIV-uninfected group).
Analyzing the MACS and WIHS cohort data separately, unadjusted exponential regression results for the MACS revealed the following to be statistically significant risk factors: у12 years of education, heroin use, depression, and 3-5 sex partners in the last 6 months (data not shown). In the WIHS cohort, the following factors were statistically significant in the unadjusted models: !12 years of education, unemployment, income, current smoking, consumption of 17 alcoholic drinks per week, heroin use, cocaine use, crack cocaine use, injection drug use, depressive symptoms, у6 sex partners in the last 6 months, and unstable housing (data not shown).
In the final multivariate exponential regression analyses for the MACS cohort (table 3), the variables that remained statistically significant ( ) and provided the best fit to the data P ! .05 were !12 years education, depressive symptoms, and 3-5 sex partners. For the WIHS cohort, the variables in the final multivariate model were higher CD4 + T cell count, unemployment, consumption of 17 alcoholic drinks per week, and injection drug use.
When analyzed separately, HIV-infected women in the WIHS had a higher risk of accident-or injury-related death for individuals who were current smokers (HR, 3.77; 95% CI, 1.27-11.25), who had 17 alcoholic drinks per week (HR, 3.31; 95% CI, 1.33-8.24), and who were injection drug users (HR, 4.70; 95% CI 1.83-12.08), and there was a lower risk of death for individuals with a higher CD4 + T cell count (HR, 0.86; 95% CI, 0.73-1.00). Among HIV-uninfected women, only injection drug use was a significant risk factor (HR, 2.65; 95% CI, 2.65-70.02).
In analyses restricted to HIV-infected men in the MACS, only depressive symptoms were associated with an increased risk of death (HR, 4.00; 95% CI, 1.71-9.37). Among HIVuninfected men, the risk of death was increased for heroin users (HR, 9.65; 95% CI, 1.29-72.02), and individuals with 3-5 sex partners (HR, 2.87; 95% CI, 1.10-7.44), and the risk was lower for individuals with !12 years of education (HR, 0.38; 95% CI. 0.16-0.87).
DISCUSSION
Outside the realm of HIV infection, unintentional injury and violence remain a significant public health problem and account for ∼150,000 deaths in the United States each year [19] . Far less is known about the extent of accident-and injury-related deaths in the context of HIV infection or the risk among a comparable group of uninfected adults.
One recent study of injection drug users in in Baltimore, Maryland, the AIDS Linked to the Intravenous Experience (ALIVE) study (25% female patients), revealed that HIV in- fection was associated with a higher risk of drug overdose mortality [20] . The overdose-related death rates were 13.9 per 1000 person-years among HIV-infected drug users and 5.6 per 1000 person-years among HIV-uninfected drug users. Data from the HIV Epidemiologic Research Study (HERS), a prospective study of women with and without HIV infection, indicated that overall death rates in HIV-positive women did not change from the pre-HAART era to the HAART era [21] . AIDSrelated deaths decreased by 23% between the 2 periods, and the proportion of overall deaths decreased steadily in the last 4 years that the study observed (1996) (1997) (1998) (1999) . Conversely, non-AIDSrelated death rates increased 31% over the same period.
Researchers with the WIHS have also examined the shift in causes of death in women with HIV infection in the HAART era. Cohen et al. [22] found that all-cause mortality in the WIHS decreased an average 26% per year and AIDS-related mortality decreased 39% per year, but that non-AIDS-related mortality remained stable during the years 1994-2000.
In this investigation, we were able to examine the risk of accident-and injury-related deaths in men and women with and without HIV infection, over time, and while considering several risk factors. There were several noteworthy findings from our data analyses. We observed that the death rate for accident-or injury-related death was higher for women in the WIHS than for men in the MACS. This is in sharp contrast to national data on unintentional injury and violence. In the United States, men aged 15-64 years experience a higher rate of fatal injury death than do women [19] , and men have a crude injury-related death rate that is 3 times that of women [23] . In all categories of fatal injuries (unintentional, assault, self-harm, and undetermined), the rate for men is at least double that of women [19] . The increased risk of accident-or injury-related mortality for women in the WIHS is, thus, likely due to a higher prevalence of risk factors, rather than female sex itself. Because the profile of the women in the WIHS is similar to that of women with HIV throughout the United States [16, 24] and because the number of women living with HIV infection is rising in the United States and around the world [25] , identifying and addressing risk factors for non-AIDS-related mortality becomes increasingly important.
Another noteworthy finding was that, after controlling for potential confounding, HIV infection was not predictive of accident-or injury-related mortality. This is reassuring, especially with regard to the changing prognosis of HIV infection. However, among the HIV-infected women in the WIHS, those who had lower CD4 + T cell counts were at increased risk of accident-or injury-related death. With the advent and widespread use of effective HIV therapies, people with HIV infection are living longer, healthier lives. It is, therefore, important to monitor what role injury and accidental death plays in the era of reduced HIV-related morbidity and mortality.
Also of interest, we found no effect of calendar time on risk of accident-or injury-related mortality. In the past few years, since the widespread use of HAART, several researchers have examined cause-specific mortality. Although most studies have found increases in the proportion of deaths that are non-AIDS related [2, 6, 12, 13, 15] and a few studies found increases in the rate of non-AIDS-related deaths [6, 9, 11, 15] , only the Concerted Action on SeroConversion to AIDS and Death in Europe (CASCADE) study found that, among injection drug users, the risk of dying from unintentional injuries has increased in the HAART era [11] .
We identified several potentially modifiable risk factors for accident-or injury-related death, including harm-reduction (alcohol and drug use) and treatment of depression. Prior studies in the WIHS have shown depressive symptoms to be independently associated with AIDS-related deaths as well [26] , reinforcing the potential benefit of treatment of depression. Additionally, unemployment increased the risk of accident-and injury-related death by 19-fold among women in the WIHS.
This study has several strengths, including the ability to analyze risk factors not previously contained in other epidemi- ology studies. These include data collected in both cohorts on depressive symptoms, drug and alcohol use, and employment. In addition, the comparison group of HIV-uninfected participants allowed us to observe HIV infection itself as a mitigating factor in accident-or injury-related mortality. In addition to data on mental health, we collected data from all participants on most recent CD4 + T cell count, a measure of physical health. We also collected data from both the pre-HAART and HAART time periods, making it possible to evaluate changes in mortality rates over calendar time.
A few limitations should be noted. In these 2 large, prospective studies, with many years of follow-up, the small number of accident-or injury-related deaths hampered our ability to explore the relationship with specific risk factors in greater detail. We also combined all accident-and injury-related deaths into 1 analytic group, which limited our ability to attribute risk to 1 or 2 particular causes of death (such as suicide or drug overdose). In addition, the characteristics of the men in the MACS are quite different from those of the women in the WIHS; therefore, the higher accident-or injury-related death rate observed in the WIHS is likely explained by factors other than female sex.
In summary, accident-and injury-related deaths were more common among the female participants in the WIHS than in the male participants in the MACS. Independent predictors of death included depressive symptoms and a higher number of sex partners for men and lower CD4 + T cell count, unemployment, frequent alcohol use, and injection drug use for women. These results characterize important target groups for interventions to reduce accident-and injury-related death.
